A boy with congenital hypothyroidism and raised thyroxine binding globulin (TBG) is described. In the presence of this rare combination of abnormalities, total thyroid hormone levels overestimated thyroid status, leading to undertreatment of hypothyroidism. Implications for the monitoring ofthyroid replacement are discussed.
Case report
The boy was born at term, in 1972, the only child of unrelated Caucasian parents, with no relevant family history. At birth, his length (0.55 m) and weight (5.0 kg) were, respectively, on and above the 97th centile.
Following resuscitation for mild birth asphyxia, there were no significant neonatal problems. An umbilical hernia was the only abnormality noticed, until, at 21 months, he presented with developmental and growth delay (length 3rd centile, weight 50th centile) and other clinical features of hypothyroidism.
Investigations confirmed the diagnosis: serum thyroxine (T4) 28 nmol/A (normal range 60-140), thyroid stimulating hormone (TSH) 100 mU/1) (normal range 2-10), bone age 4 months. A technetium isotope scan showed no fimctioning thyroid tissue.
His subsequent course was complicated by the involvement over the next 12 years, of 6 different paediatricians in 3 cities.
During the first 3 years, the dose of oral Lthyroxine (50 to 200 jig daily), was adjusted mainly on the basis ofhis clinical thyroid status. During this time his height and weight recovered to the 50th and 75th centiles, respectively. At the age of 5 years, his treatment was reduced because of a high T4 level. Over the next 2 years, his treatment dose was such as to achieve high-normal T4 levels, although, noticeably, this was associated with high TSH levels (Figure la). Although he seemed to be growing appropriately, his bone age was only 3.5 years at 5.3 years.
When he was 7 years old, his treatment was changed to triiodothyronine (20 to 80 ug daily). This suppressed his TSH to normal levels (Figure lb) and his height velocity increased so that he reached the 90th centile by 10.5 years. His bone age at 10.5 years was 8 years.
At this stage, thyroxine was substituted for triiodothyronine, and the dose adjusted mainly according to T4 levels. This resulted in high-normal T4 and high TSH (Figure lc) , with a slowing in height velocity and a weight gain of almost 20 kg in 18 months. At 11.5 years, his bone age was 9 years.
When he was 12 years old, the possibility of a thyroid binding protein abnormality was inivestigated, because of the repeated finding of high TSH values in association with high-normal or supra-normal T4 values. His blood thyroxine binding globulin (TBG) level was highcat 67.4 mg/l (MR 10-32). His parents (who have no siblings) had normal values ofTBG, T4 and T3 (total and free), and TSH.
Subsequently the dose of thyroxine was increased, and is now adjusted to maintain TSH levels in the normal range, irrespective of T4 levels. At the age of 15 years, his height had achieved his midparental height centile, and he was in early puberty. He was attending a normal school, but had a low-normal IQ of 89 (WISC-R); previous IQ levels were: 103 at 7 years (Stanford-Binet), 103 at 8.3 years (Stanford-Binet) and 80 at 9.3 years (WISC-R). He had ataxia for fine motor skills.
Discussion
Raised TBG has previously been described as a disorder with X-linked inheritance, of unknown incidencel2. Its association with hypothyroidism is rare, and probably a chance occurrence. Among the 5 previously reported cases24 both sexes have been affected and there is variation in the anatomical thyroid abnormality, the degree of TBG excess, and the presence of TBG excess in family members.
In the present case, normal maternal TBG levels may suggest a new mutation, although X-linked inheritance with variable expression cannot be excluded.
When hypothyroidism occurs with TBG excess, the total T4 level is misleading as a measure of thyroid status, because of the large protein-bound (inactive) fraction. Clinical thyroid status and TSH level, being related to free thyroid hormone levels, are unaffected by changes in protein concentration. An abnormal TBG level should be suspected if TSH and T4 levels are at variance. TSH suppression is probably the most accurate guide to thyroid replacemen;t in this situation.
In euthyroid subjects with isolated TBG excess, 'free' T4 levels have been reported to be above the 'normal' range, possibly because certain assays include some protein bound hormone. It is noteworthy that in this case, and the other such case in which free T4 levels are reported3, doses of thyroxine needed to suppress TSH and make the patient clinically euthyroid are associated with free T4 above the quoted normal range (Table 1) . Thus free T4 levels probably should not be used as a guide to thyroid replacement when TBG is abnormal. The detection ofthe co-existence of TBG excess with hypothyroidism was made more difficult by the discontinuity of care in this case. The periods of undertreatment in this child may partly explain his intellectual delay and clumsiness. Early recognition of this combination of abnormalities is important. 
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